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This specification is on the memory iranagewent unit for 
the FT-68X series cf Fcrtuard Technology processors. First 
u;e begin by defining some terms. 

All addresses are given in hexadecimal. We will either 
uirite the uiord hexr precede the rum eric digits luith "Cx"/ or 
both. These forms are synonymous. 

The Virtual Address is the eddress 24 bits uiide coming 
cut of the 6800C processor chip and being presented to the 
iremory translation hs r dinar q) i.e. the segment and psge map 
registers. The logical address occurs in the context space 
cs given by the context register which is independently 
ttriteble by the procrairmer at address hex ECOOOO. Sixteen 
contexts are possible^ labeled zero through fifteen. They 
are u/ritten by storing a context of positive polarity in the 
context register at OxEOCOCO. The bits for the context must 
be stored in the high order four bits of the data word. For 
sxampler to uirite context seven into the context register/ 
one would load s 68000 register with 7000 hex and write it 
to location ECCOOC. The virtual address so far 
untranslated/ is the address generated by the software pro- 
gram being run. --All virtual addresses come from the 68000 
chip. All addresses less than 0x200000 go completely 
through the memory management unit. Alternately stated/ if 
the virtual address resides in the lower 21 bits of the 
processor's 24 bit address range/ it is translated by the 
rremory management hardware. Addresses above 0x200000 (hex) 
refer to local/ on-board I/O space and are given in the 68X 
User's Manuel. Any address which we have he re in called a 
virtual address/ lying between hex locations G and hex loca- 
tion 1FFFFF./ that is one less than hex 200000/ ere 
translated by the memory management hardware. The memory 
management hardware consists of the segment map end the page 
map. There are two levels of translation. The first level 
cf translation occurs in the segment map where the virtual 
address is translated into a logical address to later be 
presented to the page map for further translation. The high 
order six bits of the virtual adcress are translated in the 
segment map to produce en eight bit output from the segment 
map. To be more precise/ the four bits from the context 
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register plus, address bits A15 - inclusive/ are fed 

into the segment map. These ten bits address one of 1C24 
locations/ the size cf the segment map. The output is eight 
bits cf logical address presented to the page maps/ and four 
bits of protection information. This segment protection 
information is fed to a memory error prom whose function is 
to catch a-d dressing violations and produce a bus error. 
Noui/ the eight address bits which on the schematic are 
called XA15 through XA22/ are fed directly to the page map. 
The high order tuio bits/ XA21 and XA22/ sre not used in the 
current implementation. XA15 through XA20 and the virtual 
address bits A11 through A14 form 10 bits of address sup- 
plied tc thfe page map. These ten bits of address/ again 
virtual address bits A11 through A14/ and logical address 
bits XA15. through XA20/ select one of 1G24 page map regis- 
ters. The output of the page map is the physical memory 
cddress/ that is the adcress that is actually passed to the 
physical memory/ whether it resides on the processor board/ 
2 multibus memory board/ a multibus I/O space board/ or the 
proprietcry FT-76S. Addresses tc any of these four are out- 
put from the page map. There are tuielve bits of physical 
cddress cutput from the page map/ on the schematics labeled 
NA11 through MA22. Address bit numbers are always given in 
cecimel cn the schematic. The loui order eleven virtual 
address bits combine aith the high order twelve page map 
cutput address bits to fcrm the 23 bit physical address that 
is applied to the physical memory/ whether it be local 
iremory/ extended memory/ multibus memory or multibus I/O as 
previously described. The high order four bits output from 
the page map are used for mode control. Recall now that 
■there are sixteen total bits output from the page mapr while 
there are only twelve total bits output from th« segment 
rrap* The page map high order four bits are taken as fol- 
lows. 

The most signif icaat bit is labeled the "used" bit. 
This bit is set automatically by the processor hardware 
ahenever any location within that page is accessed. 



The seccnd most significant bit is the dirty bit. This 
^bit is set whenever any location within the page is written/ 
but not when it is read. Together these two bits allow the 
operating system to keep track of dirty pages/ that is modi- 
lied pages/ for later swapping or for virtual memory manage- 
rr e n t . 



The next two bits which would be identified as the 13th 
end 12th bits are taken together as a unit. If they have 
value binary CC we are tslkirg about a local memory access. 
Value one/ that is binary 01/ gives a local I/O address. 
Local I/C is not implemented. Therefore/ this gives an 
effective non-existent iremory location. This is a valuable 
mode for operating system designers which allows them to 
mark unused pages of a process's address space non-existert/ 
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ithich mesns that an stterrpted sccess here by e malicious or 
erroneous user prosram/ luculd cause a bus error and be 
trapped aithcut harm by the operating system. These two 
bits/ ujith value binery 10/ translate to bus memory/ or more 
precisely/ multibus memory. The final condition/ that is 
value binary 11/ is bus 1/0/ or more precisely/ multibus 
I/O. These', two bits/ as you can see/ eive you the opportun- 
ity to break your addressing range into four address spaces/ 
local memory address space/ non-existent address space/ mul- 
tibus memory address space ard multibus I/O address space. 

Now/ let's have a brief summary. The context register 
is a four bit register that can be written to/ using the 
high order four bits of the data bus/ by writing to local 
on-board • location hex EOOOCO. The segment maps are a 1024 
register map which can be written to using the low order 
twelve bits of the data bus with the address to be written 
into the segment maps forming the low order eight bits/ DO 
through 07/ and the protection bits in the next four bits/ 
that is C8 through 011 inclusive. The segment map is writ- 
ten at the address it is also read/ that is the first seg- 
ment map register resides at OxCCGOOO. The second segment 
map register resides st CxC08C00. The third segment map 
register resides at CxCICCOO/ the fourth at 0xC180CC. As 
you can see/ each register is written with an address delta 
hex 8C0G. Hex 8000 is 32768/ or precisely the size in bytes 
cf a segn'snt. We have here then/ that addressing the seg- 
ment registers to modify their contents is dene by using the 
same address that would read out their contents/ under nor- 
mal program flow. This makes it quite straightforward/ con- 
ceptually/ to keep track of which segment register, you are 
cttemptirg to modify. The page map registers work in a 
similar fashion. The pace map registers are addressed after 
the- segment map registers are set up. As mentioned earlier/ 
every address of. every program that falls between hex and 
hex 200C00 is — t ransl^ted. This includes addresses of 
instructions whose intent is to modify the segment or page 
maps. Therefore/ a small amount of planning is required to 
set up the board initially/ that is to write the contents of 
the segment maps and page maps. If a simple rule of thumb 
is followed/ it becomes quite straightforward. The rule of 
thumb is/ set up the segment map registers first mapped 
straight through/ that is virtual address is identical to 
logical address/ i.e. write hex C into segment map register 
C/ hex SOOO into segment map register 1/ which is addressed 
at hex 8C00/ hex 100C0 into segment map register 2 which is 
cddressed at hex 1CCC0 and so cn. This gives you a linear 
two megabyte address space for your logical address to 
cddress your page maps and aill result in a very simple 
method of writing your entire 1024 register page map. In 
the page map/ each page is hexSCC bytes/ thus the first 
page map exists at location hex AOCOCC. The second register 
exists at hex A008CO/ the third register at A01CCC/ the 
fourth register at AC180C and so on. The page map registers 
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ere thus uiri.tten with their contents st ste3dily increasing 
cddresses with a delta vclue of hex 800 ?nd an offset of 
CxAOCCOO. The contents of the page map registers are writ- 
ten by putting the 12 bits of physical address in the low 
order 12 bits of the 16 bit word end the 4 mode bits into 
the high order 4 bits of the 16 bit word. Thus the page map 
mode conti'^ol exists in the high order nibble of the 16 bit 
aord or data lines 015 thru C12. Data lines D11 thru 00 
contain the 12 most significant bits of the physical 
address . 

Now a few examples to help clarify the issues. 

Lets assume that the segment map is set up in a linear 
address -space fashion as described earlier^ that is segment 
registers C contains 0/ segment register 1 contains 8000/ 
segment register 2 contains 10COC hex and so on. If we wish 
to write virtual address OxQ to physical address CxO in 
local memory on the processor board we would then write a 
CxOOCC into the page map register OxC. If however we wish 
to write to physical locctior CxSOO when we wrote to virtual 
cddress CxC we would write 0x0001 into the page map register 
Cx0« If we wished at virtual address CxC to actually access 
irultibus memory address CxO we would load the page map with 
Cx2000. If with virtucl address OxC we wished to write to 
multibus I/O space 0x0 we would load the page map with 
Cx30CC. If/ as a final example ue wished to write with vii — 
tual address CxO to non-existent memory we would load the 
pagemapwithCxICCO. 
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